This article presents the results of a research dealing with the effect of CO2 on cement composites prepared on the basis of waste sludge water from the concrete plant. The designed formulas R1 and R3 use waste sludge water from the concrete plant as a partial or complete replacement of mixing water in the production of cement composites. The mixing water was replaced by waste sludge water in the amounts of 25%, 50%, 75% and 100%. Laboratory tests that are defined in ČSN EN 1008 standard were performed in order to determine the effect of partial or complete replacement of mixing water. The test specimens were further subjected to the effect of CO2 in the Lamart laboratory chamber, where the effect of CO2 was simulated for the period 50 years. Subsequently, the cement composites were tested for their strength characteristics (tensile flexural strength, compressive strength) and subjected to a mineralogical analysis. The results show that the effect of CO2 will reduce the strength characteristics of the composite compared to the comparative samples.
Introduction
The durability of building materials can be characterized by the time they are able to withstand various effects, such as temperature changes, exposure to sunlight, frost resistance and, last but not least, the effects of aggressive and atmospheric gases. The carbonation of concrete as a result of the effects of carbon dioxide leads to subsequent loses of its ability to withstand external impacts and it contributes to the corrosion of concrete reinforcement. In order to use the maximum potential of waste sludge water from the concrete plant as the mixing water for a concrete mixture, it is necessary to determine the chemical properties and the reactivity with other substances. Testing cement composites by means of accelerated carbonation is quite widespread nowadays. This method was used by Cabral et al. in his research on the Evaluation DOI: 10.1515/sspjce-2019-0004 of the Effect of Accelerated Carbonation in Cement-Bagasse Panels [1] . The penetration of CO2 into porous mortar matrix is a diffusion-controlled process. The subsequent chemical reactions between CO2 and the cement hydration products lead to degradation effects of the hardened cement matrix [2, 3] . A research by Xie et al. focused on the carbonation of concrete with fly ash has reached a conclusion saying that fly ash had positive impact on the resistance of concrete against the effects of CO2 [4] . The permeability of cement mortars for chloride ions can be reduced by the addition of mineral admixtures, but it can be improved by carbonization curing. The formation of CaCO3 after curing by means of carbonation has improved the pore structure and has shown higher efficiency for pore filling. That is why carbonation curing provides a good way how to efficiently recycle industrial wastes as mineral additives [5] [6] [7] . The samples exposed to the effect of CO2 show a denser microstructure compared to the samples not exposed to CO2. Despite the presence of reactive MgO, the absorption of CO2 increases with age [8, 9] . Many studies use recycled construction waste to produce composites and concretes [10, 11] . Two formulas marked R1 and R3 were designed on the basis of the already established properties. The designed formulas were exposed to the effect of CO2 equal to 50 years. Their strength characteristics were examined and their mineralogical analysis was performed after this exposure.
Materials and Methods

Sand
Standardized sand according to ČSN EN 196-1 was used for the production of the test specimens. The amount of sand is presented in Tab. 1.
Cement
Two types of cement were used for the designed formulas. For formula R1, it was Portland cement CEM 52.5 R, which contained 95% of Portland clinker and 5% of additional components (fly ash), and for formula R3, it was Portland cement CEM II/B-LL 32.5 R, which contained 65% of Portland clinker, 30% of limestone LL and 5% of additional components (fly ash). The amount of cement used is presented in Tab. 1 [12] .
Mixing water
During the production of cement composites, the mixing water was replaced by waste sludge water from the concrete plant in various ratios. This water was tested to the requirements given in ČSN EN 1008 standard [13] . Attention was focused on the adherence to the standard limits (pH, conductivity, alkalinity, concentration of sulphates, nitrates and chlorides, concentration of humus substances, dissolved and undissolved substances). The standard limits defined in ČSN EN 1008 [13] were not exceeded and the used waste sludge water from the concrete plant meets the requirements for mixing water. The replacement of mixing water with waste sludge water from the concrete plant was carried out in the ratios of 1/4 (25%); 1/2 (50%); 3/4 (75%) and 1 (100%). L. Klus, J. Svoboda, V. Václavík, T. Dvorský and J. Botula
Designed formulas
Two formulas marked R1 and R3 were designed. The composition of the individual formulas is presented in Tab. 1. 
Mineralogical analysis
Bruker Advance D8 powder diffractometer equipped with a LynxEye linear semiconductor detector and a SOL-XE energy-dispersive detector was used to perform the mineralogical analysis. The samples were dried to a constant weight at 105 °C in a Memmert drier, crushed to a maximum grain size of 8 mm, ground in a BetonTest A 50 vibrating mill, and then sieved through a sieve with a mesh size of 0.063 mm. The sieved material was used as an input for the mineralogical analysis.
Strength characteristics
The tensile flexural strength and compressive strength tests were carried out in compliance with ČSN EN 196-3, ČSN EN 197-1 ed.2. standards [14, 15] . Beams with the dimensions of 40x40x160 mm were used as the test specimens. Formtest testing device with a compressive force of 300KN and 100KN was used for the testing. Fig 1. presents the results of the mineralogical analysis of the samples of solids from the tested composites of formula R1, which were exposed to the effects of CO2 in a CO2 chamber. Fig. 1 clearly shows that significant mineralogical shares consist of these minerals: Quartz (SiO2), Calcite (CaCO3), Portlandite (Ca(OH)2), Ettringite (Ca6Al2(SO4)3(OH)12·26H2O) and Gypsum (CaSO4·2H2O). It is obvious from the results of the mineralogical analysis that the type of minerals does not change, but there are differences in the percentage representation. 
Results and discussion
Mineralogical composition of solids obtained from the composite samples
Surface carbonation
The comparative samples were cured for 90 days in a humid environment and then they were exposed to CO2 for a period simulating 50 years and broken. A phenolphthalein indicator was applied to the fracture surface of the sample and the area not affected by carbonation turned pink (Fig. 2 ). An image analysis of the samples after tensile flexural strength test by means of a USB camera was used for the detection of carbonation. The surface of the test specimen was scanned, and the area Sw, which was affected by the carbonation process, was detected and calculated. See Tab. 2. Figure. 2: Samples of formula R3 and R1 after the application of phenolphthalein on the fracture surface. The addition of waste sludge water from the concrete plant increases the ability of cement compound to resist the effects of CO2, which can be explained by the lower content of calcite (CaCO3) in mixture R1-1, as presented by the mineralogical composition in Fig. 1 . It shows that the calcite content of R1-1 mixture is lower by 24.1% in comparison with R1-Comp comparison mixture. At the same time, Tab. 2 shows that the carbonated area of R1-1 mixture is 24.2% smaller in comparison with R1-Comp comparison mixture. There is a mutual dependence between the calcite content and the carbonation area.
Strength characteristics
The specimens with the dimensions of 40x40x160 mm were used for the testing of tensile flexural and compressive strengths. The determination of tensile flexural and compressive strength was performed on samples after 90 days of age and on samples exposed to the effects of CO2 simulating a period of 50 years. The measured values of tensile flexural strengths are presented in Fig. 3 .
The results presented in Fig. 3 clearly show that the samples containing waste sludge water from the concrete plant have lower tensile flexural strengths for both formulas (R1, R3) in comparison with the comparative samples. The largest strength difference in case of formula R1 was recorded in the sample with 100% mixing water replacement, with a decrease in strength by 18% in comparison with the comparative sample. The largest strength difference in case of formula R3 was recorded in the sample with 100% mixing water replacement, with a decrease in strength by 19% in comparison with the comparative sample. The results of the compressive strength test are presented in Fig. 4 . The figure presents the values of the samples exposed to accelerated carbonation equal to the effect of CO2 for the period of 50 years. Figure 3 : Tensile flexural strength of formula R1 and R3 exposed to the effects of CO2 for a period simulating 50 years. Figure 4 : Compressive strengths of formulas R1 and R3 exposed to the effect of CO2 for the period simulating 50 years.
When comparing the results of the compressive strengths, it is evident that the samples containing waste sludge water from the concrete plant show lower compressive strengths in case of both formulas (R1, R3) in comparison with the comparative samples. The biggest difference in strength for formula R1 was recorded in the sample with a 25% replacement of mixing water, with a decrease in strength by 11% in comparison with the comparative sample. The biggest difference in strength for formula R3 was recorded in the sample with a 25% replacement of mixing water with a 12% decrease in strength in comparison with the comparative sample.
Conclusion
This article presents the results of the experimental research dealing with the use of waste sludge water from the concrete plant in the production of cement composites. The research was focused on the physical and mechanical properties of cement composites exposed to the effect of CO2 representing a period of 50 years. The results of the tensile flexural strength show that the most suitable replacement of mixing water with waste sludge water from the concrete plant for formula R1 is a 25% replacement, and for formula R3, it is a 25% replacement as well. The biggest difference in tensile flexural strength was achieved by samples containing 100% replacement of mixing water. The differences for formula R1 reached 18% and for formula R3, it was 19%. The results of the compressive strength show that the most suitable replacement of mixing water with waste sludge water from the concrete plant in case of formula R1 is a 100% replacement, and in case of formula R3, it is a 100% replacement. The biggest difference in compression strength was achieved by samples containing 25% replacement of mixing water. In formula R1, the difference was 11% and in formula R3, it was a difference of 12%. The test results of the effect of CO2 show that the addition of waste sludge water from the concrete plant increases the capability of the cementing compound to resist the effects of CO2. This can be explained by the lower content of calcite (CaCO3). Calcite content of R1-1 is lower by 24.1% compared to R1-Comp comparative mixture. At the same time, the carbonation area of R1-1 mixture is lower by 24.2% compared to R1-Comp comparison mixture.
